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±fe'N-y F*^P. 2 0 ViXTcD^E^Entp-rSC tic J: 

9smmmi,mm i o o n mj-xTr-ss ct^nmtt^ 
±mEmp^w^wim^'&m'?ct^nwit-r?>m 30 

ItSlil-rSfBSiS^^Bo 

Cis*j® 1 0 ] n^m 8 {cfcv^T. ±tB^pm«cg 
im^mi 1] »^«8{c*5v^T. ±tB^simM 40 

» 5i-?^Sim(*«** J: 0 % « c i: «r1tii i: -r S f 3» 
[iiJRS 1 2] IfsRS 1 tCfc'U^T. ±tBiBa!S(*3b\ 

So 

[0001] 



!|fga¥9- 1 5 3 2 3 5 
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Co 0 0 2] 

yF^-^:^. Iff :t;i->7='T>F. -07*;^— >3> 

[0 0 0 3] i«e*«^>^AT^'-bXA';nrftgiS:ift^SI3 
[0 0 0 4] *#i*^^-UT'fi^-(OftaS*^'^'J?lo]±L 

^fB^-r^/-ctto^s^}s/c-r<fc3^, ■r=6:t?^'>^< 

i: 3 G/W FJ-X±0^«^iS/£f J: ^ ^¥«i*>«^-U 

[0 0 0 5] 7^fB», BSaiB^tcfet^T. 

Oliffi^lBfiS-rStti. tBiiffl«^/h* < LT. IB^m 

[0 0 0 6] C<D^fBa{C*3U>Tt. ^cOIB^M^^/Jn 

0 0 nm^ifiO^^*!*^— tf-Tti^A^^^^nfcS^T' 

fc. i^as^^Rsw, 7to[5i#fi5gw*<#ffi-r^fc4?) 1 0 0 

n m J.:iT<0§Bafa«^^^-r ^ c i: «llfl i: ^ tiT 

[0 0 0 7] Sfc. JK^iaaKfeO->Tfe. !Rf^c/^— Ft' 

'N-yF) . S:*:filMSln:a«^m^'N-y F (GMR^il 

H^'N-y FO.^a^ORgMT 1 0 0 n mJj(T®fBS®JI5«' 

[0 0 0 8] U'^;K0^S^J-;S*l«r«pO 
^tt F i^^^l'SBI^il (S TM : Scanning Tunneling Mic 
roscope). 1S?P^:'3^?S^ (AFM : Atomic Force Mic 
roscope ) A^T^^Stl. a>5r (D«ip4'0?Siffl^®)^t»c©<» 

[0 0 0 9] AFMt?«iS3^i:;?j>'^W's— g^y:/i:co 

— yHitM (S PM : Scanning Probe Microscope ) h 
[0 0 10] cnSTtC S TMSfcii A FM^fflt/^T. 
[0 0 1 1] m^i£. X:Sf>'7*-F:^^<Di'a:-F(Q 



3 

uate) Rmii. S i S«±{c S i Oz m^^XSS i 
^^fi!tL/£NOS( S i N/S i /Si) ISiitcJ; 

MiStS^C S CM : ScanningCapacitance Microscope) 

(R.C. Barret and C. F.Quate; Journal of Applied Phys 
ics.70 2725-2733 (1991) #?B„ ) „ 
[00 1 2] i:C5T\ 09{C^-rJ;^t, n^S iS 

COS i Nm3 ±ic^mnm4timm-snrci-^t>n>^M 

NOS (Metal Nitride Oxide Semiconductor)^cOlH® 

mmt. ^^^^mwy^'Ev © i otss e e p r o 

M (Electrically Erasable Read Only Memory) "^"f""? 

[0 0 13] cne.Nos^. mnosi^ib»s^^os 
s i ^mt^t. s iOz /Si N^m^p^toiEm 

(OS i N'p(Dh^'yZ^t<om<09M(0^»}^mi'^^Ct. 

[0 0 14] t^t>-^. il(Dmm^-i^S lOt /S i N 

i /S i NWaftifi^t^^) tC^-vUZOh^'i'T' 
*^J^^^n5Ci:*^5i-!b''oT*5»?, Wl^ff 0 1 2C0MN 

OSmOsi^rS i NM3±cD#S«1S4 (J-XT±a5« 

lffi!JA^e.«^*^S i Oz mz^l-^^-^fULX. S i Oz 
/S 1 NWffii:^<Oja^<OS i NM3<Oh7>y:/lcaA 

V^5«?*<S l»«H|iJ»CS i J»2«rh>^;l/UT 

jSSm^ns i O2 /S i NWffi-^S l N^3©h^>y:/ 

tc#&-rsa?*^^^s-rso cco^^tcLT, mnos 

fB^j«f*:'\«O/^7l/Xm01*n»cff •5^1?f<0igJ!!l{C J; Oia 

M N o s ^jg^ ^ / ^> (ommMmnrnt tx^xmM. 

[00 1 5] ±j&(0^:x.-VS:m(Dm^X'\,i.^ NOSJg 

«i(±i-r s c i; t <fc o TS^-r ^ i: ^ -5 ?3 ffiA-^eg p. nr 1/ ^ 

a/MB^«^«> itS*^l 5 0nnTr-$.'?. h^-y 
Co 0 1 6] 
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[^B^)b^«?*b<fc^i:-rSiSS] i:ir?>*\ iiSbfc^ 
ma[IBSi^B-C-t±. NOS«*^tco1^Sii:bT, If^colB 

Jl3b^4 0V (Ltt^fitSffi2 5 V) iSiS, fg« 

[0 0 17] t£*0»m^«^ft«im7?S«rS^ 

Kffl</^i,?3ScofBig^eT{±§^m^«s^ (CED) sfc 

t4igmStBSS*"!plHg^ V H D tr-r:tx-i- X^^*«feSo 

10 <g<, $«:?l^l|fflt?feoTfB®mS«at6«rWrSfe 

[0 0 18] S/c. «jfitC:fet)7^>'y^tC<fc>). ^Sl 
m-P^Sf'^^Sfi'^l/nVl?®) (PZT (Pb (Z 

r, T i) O3 ) iB^i«i*i:S PM^ffl*^t)-l±T, P 

z T F >(r>mm^ j; t;issBft ^ u ^nojes 

ffl©Rmi4A^^e^n/-c (K.Seegebarth: Surf ace Scien 
ces Letters. L283-L288(1994) #gg) » 

[0 0 19] L*^L%*^p., c<r>mdMm&mm.x^4K\z 

20 ( 1 ) fBMliK«i:i: LTfflO^S P Z T W)!i{±5i-SSieic# 
^Mif^i: \.X(om.^'^^tti^±^ < iH^MStcr^M^^feSo 
( 2 ) IBfii<^)g/J^*ffi^:*•5 PZT 0?iK«14<0^{iiT? 
feS K;/f >'*<:^*<, IB^tr-y h<^)^^--rX^/h*<-r 

[0 0 2 0] *:^H^{i> iaji, ia^SI3^}c-r<'n, 

^ 5fBSS^»B^««-r -So 
[00 2 1] 

30 J&S'N'y Kfc: J: »3 If^^lB^SfctiS^-rSIB^if^S 

BT-feoT, ^-y K*^P. 2 0 VJXT©a£E^6nJ!in-rS C 
i: J; D IB0{fi#;<O3M^mJl<om^^««^i-1SR^tc 
J:01f«^ES$/c:f±?B*b. 's-y F*^fB^igf*:{cg?M 
b/cmiT\ ?S«ffiJ^{cieai*n/c^^JSl5tcJ;SIB» 

[0 0 2 2] *^0^^gtc4ot/^rfi> §i-*;cS<Stc 

[0 0 2 3] 

Tn-rm^mf&ic^^^m. mmi \±icT^nmi 2. 

50 T^o 
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CO 0 2 4] rSitm 1 3 5*. ^mW*5^@KS=&ff 3^ 

ifv>t>t*«B i m^it^(om^i>£s r B i T i o. s 

rBiTaO. PbBiTaO. BaBiNbO. fifIR 

S r B i z T 82 O9 > S r B i 2 N bz O9 
lt^^>m^PhT iO, > $/c:«^>^>K->^©S^ 
/I/n^K^^f^illB (PLZT) (D&m^Ph (La, 

z r. T i) 03 . ^rzitm^^mm»(D:i'svy'yit 

\£=.V'f> (PVDF) . y'yit\i—V7^>thVyfV 
:tU3L=f-U> (VDF-Tr FE) i^M^t^. 10 
:=.V7'>t7-h'yyjV:^tiJL^\y> (VDF-TeF 

CO 0 2 5] cnP.E^«i* 1 o^«fi!c-r5?i!ilttf*M 

OCVD (Metal Organic Chemical Vapor Deposition 

) ffi. LPcvD ({gjEcvD) ^^mmmm. 

MWOM^ii. MOD (MetalOxide Deposition) 

20 

[0 0 2 6] ^mmt^<owmi,i. m^^m^mi^. ^<o 

T'-^jffo "0" is^zs "1" fcm?-a-> M#p^«riifji 

CO 0 2 7] c©f2^js» 1 oi,cmt^'f^m<Dmm • m 
m=f-mtimmm (afm) s^tcjcatB® -^n^s 

^<DtB^'N'y F-rftt)^«ai4* 2 0V 30 

CO 02 8] 2|s:^«BtcfettSfB^. j'g^^Hi:. 
CO 02 9] etas, 13 2 {it2gl> 

T ^ ^5 th^^SH 2 1 A^J^filt* tl^cCT^ (f^mi^OS/ 
mmi^l^. -iiS*^@^$nfc*>^W^-2 2fcJ:o 
T^fig^n^o C©;(3>'^W^-2 2{i, /U^^^O. 
0 1-10 [N/m] cDSifeb<{iSiN<tt»!S:»?^ 

co^ffitc Au. pt. Co. Ni. If. cr m<r>mm 

v-f ^ a 7 r > 3 >SJBtc J; o Tf^Sli 50 



ttFjg^g- I 5 3 2 3 5 
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CO 0 3 0] 3 o(±, tmmw 1 o*^icB*n, -ecoffi 

IBSigi* 1 0 (Dmm^X'io D . C ©icB-^ 3 0 {±MtcfB 
Sl'N-y Kf %t>^*>^W^-2 Z<r>%\iimM2 1 

ItT^ffi] (Ji(Tztt;i5r[qii:v^3) (ci^BiW^T'^^ J:-5tc 

COOS 1] C<D«@^3 0©zfft?3|nIOSiJW±, m 

;^3 Ui:<J;oTlCt«^-tirT*>'^W^-2 2©$tifflti: 
Sg«L, ^•<DSS=f7l£^WI^{f«ia<^>5i-SiJ7* ^^'r;t- 
FCT^{±*4^flJ7* h^-r^t-FtCt^^^ttiiiS 2{C 
J:-DTMl/)^aiL. •^c0^m(i^^:/U7'>':/3 3^x1 

UT> ScB^ 3 0 CD z mmm^nv it-jKiHisg 3 4 tcx 

* bT«B^ 3 0 ID z ttTJlpJOffiS^SiJfflJ-r 5 Ctlci: 
or. ^^IB»«i*l OtcjhfLT. tB^'\-y Ff^t?"^ 

So 

CO 0 3 2] —yj. tsy^\y>^—Z 2 i:fBSi««i: 1 OO 
TgpmiSi 2 cost. lBgifi^{Ct5i;/c«£EA^91ira5 
nSo CKOBlSnmEEfi. fBSfi^tcjSCfo'Vl/XaJES! 
*IHISS3 5 J:»5«0/Vl/X«ff^iaSitmj!S3 eCiSSflg 

Oil }S?t>' ^-r r xsjEtc fig b T ffi*n-r § o 

CO 0 3 3] C(OJ;^tcbT, iBiS!®t*l OtC ;d>'^ 
W^— 2 2<05fe4S©tH>c«S2 1 •r^tJ^iB^'N-y FH 

R^i?^M^-l^/c«^TfB»!«<*i:fflM6^fc^tf^-y:T± 

C i: tc J; t) ©me^tc^J-ffiSti^tTo Tlf «<OKS«r, c 

<0^^@SI5tc J; S l|?gf ^ b {±#«^«0^{k b TIB 
»-rSi:*\ BE«^<DSft:i:bTfBS-rSo 

CO 0 3 4] sf*a^fc{i. ffiii<««: 1 Qoy^mmm^ 
ffii:T?»«ffi 1 2 tfDP^t 1 0 voan^aitof s c 
fcj; OftSb/c^PSi^^«5^)l®i^»@®(6]^;&-^ 
iciw^So »mi4*:^^w^-tc-5 V' — 9V 
(D/^ybXttffi^Biita-r S c i: {c <fc ») . ^Kmf*^©^^® 
OlBjt^^mWtcSiSS-tirr. 1f^^fB^{®»{cfB^-r 
S„ Sfc, +5 v~+ 1 0 v<o/^;i/xaff^J!/PK.-5c:i: 
tcJ:?)^RlfW%^)-ffi©|Jii^«:t>i:tc^b. tBfiHtffi«:?B 

0>T, #lc$t©fBS^?^£-rSj2SS{i*l'^o 
CO 0 3 5] 03 ^®«f*l 0©^Sim®<0, 01 

toM^Etc^^-rSi^SSaoSS^)- (dC/dV) 

Wti:J*bT2 0<^)^^^«rl^^. c:n*'3SMm^©i 

fg^i-^lcOlSiglcWjtSbTV^So *liB^t?t±. 2 0CD$^ 
^SOPs^^/^yl/XmiEgitotc j; oTigjilcX'T -y ^>y•r 
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[0 0 3 6] ±aLfcj:^tc, mm<Dtmii. 

[0 0 3 7] s-r. »ffi§«(DS<kai:LTitmii^-r 

(S CM : Scanning Capacitance Microscop) flllS 

14* ^- 2 2 *^iStt ^ nfcS^'N F H P b 

T35:5„ ^(Om^^-y KH P{±. IB^'N-y FH R fc^tffi 

^^^La^S/^ffi^$ttT'^§^f■^^«^2 1 *^}^fiEsn/-cP 

2ti. A^-.^S(0. 0 1 — 10 [N/m] (OS 1 feL< 
as i N ^ »? ^ ^O^ffilC Au, Pt, Co, Ni, 

[0 0 3 8] OT^sott, MaiL/'ci^ic. cnicgj 

«lHlK-r5J:9tc;5:$n, MtcS^-x-y FH P i: LT<0 
t§<J:?tcfB^i«i*i 0Offi7^iPii:S32-r5ztt7?iPitc 

[0 0 3 9] S^'N-y FH PcDgft^«@2 1 ^rlB^iSi* 

1 0±(cgE»$-y:, C(OmeT-«cS^3 0{cJ;oTie^ 
i«<*^^J^{i*[2l$E$-<i:Ttftttt@2 l^fB^!^»l 0± 



(5) 1tF»a¥9- 1 5 3 2 3 5 
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teisjgi* 1 otcgitob, ^^^g^u/^— 2 2 i:ie^?«{* 1 
0 t<D?s<Dmm^m^^mm 5 0 tc^M-r sfssssKisc 
9 15MHz <o^mmt-p><D^mmmisii^y f t lti* 

S^a<i-^C (V) ^l^mt. n-y ^'i'>7'>y4 

10 [0 0 4 0] ^(oiimmm^mm-r^t. ^^-^w^- 

2 21C. Fl]^ti*^jf»U— »f 4 3*^eoU— 9-"-7t^,^ 
WL, ^•(DSI*7fe^7ie«^tilg§4 4tCj:oTl^^tBL. -ft- 

4?isiss{i:x:'3U «e&3 o<ozw73ip)«D$ijaii*^^^n 

fiiA^@;^i:=5:S<fc'5lc, 0 3 ^c^■r:»•^S-aW^0tXT• 
U>'X^c^5V^T, d C/d Vffl[*^«8:*:fC*S<fc'5«:*ff 

[0 0 4 1] ^t::. SB^ItaiOfBS*, :a-ffiSe»i:J:c 
TffofctOOs COlB^(cj;-pT^g§mi*S(Cfeit2.;5 
]E«^^^^$-yrS«.®i:bTlB^b, C(Dlff^O^^* 

[0 0 4 2] CSSfe^M I I D CCOS^^Sa, S MM 
30 Slfi!t»cfeV«T. ^<D3!7>^U>'^-«D5feiSg«Oit«m«S*fB 

^l:±n>^i' H SMMliS^^Mi:i/>3o 
[0 0 4 3] H 5 CfOn^^i' h SMM^B<^)«EBS 

ict3if:s,tmmic. $t4S{cthttsiS2 i^^-r5a»m 

*>^W^-2 2A'iigtte.n/c:S^--^-y FHP^^LT 

:&5o cKos^fe'N-y FHP«. mm^y\^HRti^m-r 
«t-N>y FHR{c*5u>Tfe, 9cmcm^immiik. 3nm 

40 (Kffifi?lJ^(S3ft<0S1^^<0^SW{cfBgl«ft:{cML 

nrc:*>9=-W^— 2 2lC<fcoT«^^tlSo C<D:^>f- 
W?-2 2a, M^^SilO. 0 1 — 10 [N/m] 
ltb<{±SiN<fct)*0 ^(D^ffifc A u . P t , C 
o. Ni. I r. C r^co^®J5:V^L{±^Jl«jttO^S 

50 So cn^^^^U'-''?— 2 2{i, l,->t)»*S-7'i'i^n77' 
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[0 0 4 4] icB^soa. waiLrcjc^tc, cnctt 

B^nfcIS®(«f* 1 0<Dg5??|nik:»oTffiJ^«5i/^lcie 

A - u/^- 2 2 cD§i-t*caii 2 1 h n^imm.^mmr^ 

^5J:^fcie^«»l 0<0®7^iRii:ie3g-r5zW:i!rlRltc 

[0 0 4 5] ^LT, ^■(Off^'Ny KHP-r*t>^*:^ 
^W^-2 20tH*«ffi2 1 *fBM{«i* 1 OlCgltt^ 

C ©t(cffiT?«g& 3 0 icj; o T. ^ix.f«B^«{* 1 
0^I5II5S-y:m«affi2 1 :S:fe»^«**: 1 0±ti:^SL 
OO. jl)5itSjg4 0*^^Oit»it/'5-rTX«ffi:5!tgS4 

ieg^««f*i otciB^*n/-cif^. -r^t^-^^issiHtcs 

M-2 2*^8€)SS*^^?t«im#g4 4T'^ffiL. a-vi' 
^—^5 2fl?lR{f/^— y-?-;l/n>'t!:x — ^ 5 2tcj;or 

:/4 5«:ig%l''DCM^{c<fcoTmM©-9--5}^<i#^IX 
tiib. -9— >-!<lHlgS4 6tcA;^;bTt:nic<fc'3. ®M#3 
0(OZi*73(S)0»ja^fToT. S^'N-y KHP-r^ct)-^ 

^fttm«i2 1 1 0 linwmms^'niVLm-^iL 

[0 0 4 6] ^.iKK. imm^m<r>%m!m.mmt^o 
mmm i ] rL(r>im'mc^\'f^wmm i o a. ^ i 

i Sm-a-!t^<0 S r B i J Tae O, ^6 3tCj;oT« 

[0 0 4 7] C(OS r B I2 Ta^ 0» ^K«f*^tcJ; 

•:5T«fi!t-r?.i^^«i. ^^Slto^l O'^lHl^OjgbTfe 

<02iS (2P r) OfiSai 5~3 0/iC/cm' . *it« 
BEt±2 VWTT'fe5» x-^<^){SRF^PBl{i:MST' 1 0^ 

fiWJU, COS«Sa^3E^J-/h5<-r'5Ci:»c<i:-pT 1 n 

[0 0 4 8] Cco||)KBCTli:fci.>Tl*s 0 6 icMBSWffiia 
^^-Tcfc^li:, iiSliS iStel l±{c. f^-y-yrmt. 
:Q:5S r B i T i 0<0THilS9*3 0 nm©JP:?{CX/^ 

iS^±T'fci^rBl4{C-r<WcB i®m^!|%IOS r B 
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1 T i O3 <OTlft®9^ffM-r5cli:A^T'#5o -^f;:. 
c«/^-y7rS9±tc. ^ \mmt-^o:>s T ^ \ z T 

at O, «lcj::5gtt^l 3«:MOC VDj*lc<toT0 
fig-rSo C<D<fe'5(CbTffM5n/'cS r B i 2 T a, O 

$n/co t-^t)-^. ±3£E©fSlJnia«<0/^>y7rS*^ c 

n©±tc^g^-a-s s r B 12 Ta^ Oo m<Dwmmt 

10 mi 2 -y ^»cM«jgfig-r5o 

[00 4 9] c (Dmmwm e 3 ^^-r sie^^si* 1 0 

tiii^-rstafiiti, HUJjEb/cll2<DA FM«^li:J;-5fe^ 
«BtcJ:oTffofco -Tft^-^. iB^«SE«^i 0*. ^» 

ttM^ 3 o±{ciasb. c(Dm^mi^m6 3ic. mm^ 

•y KHR-r*t>^^f:l^«^12 1^. ^S/J^iagEMS-a:T. 

mm^3 o^mm-^^xmmmt^i o±tcif-«m®2 1 

*7^*boo|BgHfffifc»v^Tc:otf««ffi2 1 tTSi 

mmi 2 t(D?si,c/<)u:KmR^muLx. ^mmt^me 
3 icmmmc^m^m^^\:'-^'ttxmm<oMm^n^. 
20 •rftt)-^, spm^e 3©afficfBM^it«tcj£:ufc5^ 

[0 0 5 0] IB»i«i* 1 O*^P.©fB01S^«i!*tt5b-r 
%t>-^S^^««> la 4 ^DW^^S I i: b, fB»«{*l 
0a)?SSimi*/l6 3C0^^<SSfelC<J;-:7T^b/cS i »S 

fco 

[0 0 5 1 ] C(D^mm 1 {c43ltSfB»j^i*©> B i Jl 
mt-B^S r B 1 Tat O, (i. ^Kai^WefeSfc 
30 «)fcXf-'J'>X!|t14*^-ro 5Se^J'ffiP r<0 2{g (2 P 
r) (Omii 2 5 fiC/ cm' . ta^fftiS^O. 8 VPS 
•p/to C <?)<fc ^ tc B i S r B i 3 T az O 

[0 0 5 2] ^kic. ccDmmm i tcfeitsiB^ • m^. 

Hitttt^^-To S-Ts IB»{«#: 1 0©S r B i z T a 

2 O, {Cj::S^S|«f4:«6 3©3 /tmx 3 ^m<D^« 

fc, +9 V(Oit}?itl||I. M^O. SMV/cm^eninb 

40 7 VfiO/Vl/XmEE^'N-y K-r%*3^ti-««ffi 2 1 i^TSP 

mill 2 iicoKtcBi/jpbT. mmmic^mcof^^^^Km 
^^^o 'Xic. scMmni^^m^m^xmrnm^j:^^ 

mKmm-r^mn^mco^^iiLx^iii-r?>o 

[0 0 5 3] S CMlC-fcoTHm^ft^fPffibfco "toy 
^, /W7'Xli]E^ia3-P5^f Aj^tC^^bT^-cOifffi 

h^xh*^Bi<;5:oT*3D. "tcommtitmLx^p^mti^ 

50 *«Bgv^gi5^(D4'^^B^S^'^Xd^■y hgB^-r**>^tB^e-y 
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[0 0 5 4] ^/c. -9 V^^tCfB^^g^*:tcffI^jpL/cfg 

^ tijK^<?DMtt<Dm^EnAp b/c^^. s c M(Dmm^ 
[0 0 5 5] c<Dctt^ib. c(D^mni^m^immt^(D 

^(DXh\y—iy<D "0" t "1" iCldJiL.'^^^Ctt'^l: 
T*'r^5^^;l/'r-^(7D "0" t "1" tcMJS^-^ir^c^ 

[0 0 5 6] ^vr. ccD^mcoi^^comicmm^^m 
mmmcomii. ^f^i^^^iym^ "o" " i " t?)^' 

[0 0 5 7] m^(ommco^^M. 9mm^(omm^ i o 

[0 0 5 8] ^rc. C(D^SEi5ljT*{iSCM<g^C0S^^ 

[0 0 5 9] [^]5S<5ij2] CO^SEfi?IJ-effll-^ie^(S<* 
1 Oti. m\ B(0S*1t^tc^^t>O-eS1tBl 3*^?S 
^me^B i g^fk'&JBgO S r B iz T az O9 ®6 

miicmmmmm^^^-rxoi^c^ s is«i i±tc. ^ 
tDgffi^^fttcj:;^, s i 02 mmmi 4tmf&'^n. c 
n(D±{c. t&m^'^v rmt Lr(OT ncct^T^i 5 

^/TLTX/^-y >'<57lcJ;oTjp^ 3 0 0 nmOP t 
3 ^LTCOB i e^^fk-g-l^gcOS r B i 2 T Oo tCJ: 
[00 6 0] C O^SBW 2 Of BS^ • m^. 



(7) !|^P^¥9- 1 5 3 2 3 5 
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W35^^SSPlOtl^^^L<J^^cJ:5tcti-i^®^l2 1 ^ 

Tsps^s 1 2 ^(opBitcsffifflip^tT^ c ^tccfc 0 . mm 

[0 0 6 1] ^LT. h SMMtCcfc-^TEW^ 

10 s^mo. swicm^i^rmm^n-Drco ^-r. 3^m 

n/co cnti:. -7 VcOMffitCcfcoT— ;e^f^tcJi5o/c» 
® CD ^ ^ 1:1:6? b TSS^ ife -I? T t ^ ^ C ^ ^^-r ^ CD -e 

CO 0 6 2] c(Dm^. iEn.2mm<Dmm^m(Dm^rc 
[0 0 6 3] Sfc. -9 v^5t{ctB^^«mcenftoL/c^ 

i: (±S^^«>@14 ^rBlftn Lfc^^. S C MO»mS 

[0 0 6 4] ^LT. C©^)-^cO[pI#lCgH-rSffS3i 
«fita, t'i' v'^;l'^#<0 "0" fcJztJP "1" <Ot^— ^ 

[006 5] c(Dmmmic^i'f^m^mmii='>'-^^h 
mmm^^^j^^< (CT^tfioMHz) . /^^-^is*^ 

3=c»/h$v^ (01Jx.{^O. 1 [N/m] ) 
ffl^^§c^:^^J;»?^ MH z:^— ^— T«D»iiiSlg(Sg«T* 

[0 0 6 6] i^. ^SE0>J2lct5t/^T. ta^{«i*i:UT. 
T i Ti&m 1 5^tiAL^V-«-&cOf2^!«^t:©12^S* 

40 CO 0 6 7] C«SfSfi?iJ3] mmm i i:P«l««figfi:<feS 
*^ la 6 tc^-r J: 3 fc, ^^mf*B6 3<?5S r B i Ta 

/co c(DMmmic^\,^Ti>mMm i i:iRHt©ia2<oA f 

M I ilb/co CCDS r B i 2 N O, ti. ^i-^SS^ 
OZm (2 P r) ©fitttS 0 — 5 0 ii C/cm' . taS 

jEt± 3 vj-xTT-fco/co ^gsCT 1 (om-^ttmi.r. n 

50 ^{cfeiz-'Tfe. f'— ^S^^Pa^tt^ST'l 0^iJ(±i:« 
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[0 0 6 8] CcD|ISBWcfcv^T^> SSic^fJ:^ 
tc. S i SSI 1 ±tc. /S^^y:7rB^^^^ S r B i T i 

14tC^< n/cB i em-^^^DS r B i T i O3 (OTHi 
±tc. B iSm^^^S r B iz Nba O9 ^mMi^ 

ee stccfc^stis 1 3^Moc vDStCcfc-pTffMT 

i^o CcDcfc^tcLTJf^^^n/cS r B N bz O9 @ 

itc^M^H^^ S r B i 2 Nbz Os McOWmmtLX 
^atcSKfeOT'SSo ^UT. SSI lOSStc. T 

[0 0 6 9] C(DiM^\,Cto\^>ri>. C(DS r B i 2 N b 

^^LXl^^^o ^\^X^<Dmm^m<02^ (2Pr) « 

[0 0 7 0] le^sati. ^sse^tj i K^\^^^hmm.\c^ 

Ma! 2 O A F M^j^ctc J: §fE»SStc J: o T^t 
/Co S^^m> ^4(D||^SBI ^L. lESiiSf*:! 0 
03i^m»6 3tO^@Jgtetcj:oT*U/cS«^«0 

[0 0 7 1] CC0g|fiS<?IJtC^5Ct^fa^ • ^^^^14 
^^^o CO^^tc4ol/>T^. IB^^gf*! OOS r B i 
2 Nb2 O9 tCcfc^3^^ai*B6 3603 /imx 3 /imO 
9V<DS8itSE> SWO. 3MV/cmi&91An 

-7 V(0/^;bX«JE^^^y J&^^tf-t^«1S2 1 55^6 
S iSS±60^PBTO?^BtDMte:^H'r^^«§«O»^ 

[0 0 7 2] scmz^-^xmnMrn^nmi^tco 

^tTo/Co CtO^-&. $-r3 /imx 3 /iiTKOgP^^iOnV 

X^X'y^miS^mnX.Xx^^^^iht'^'T^t^'^rco Mtc. dOn 

■^iBiiif h*wis^^n/co cnti- 7 vcD/^;i/xm 

\±\c^'ox—y5mcm?L^nx\.^rc^m<o}^^tmf!\m 

[00 7 3] S/c. -9 V^5fetcfa^i«i*tc01j!iPL/'cfg 



(8) ^fF^^9- 1 5 3 2 3 5 
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tc. +7 v^o/^;i/xmEE^ffi/jpb/c^'&. -r^t)-^±ai 

fi^^^T-Mm^n^B^OnV h^X h t>3¥^LTV>§ 

c^jb^»>6>o/co r^tD-^. 

*Slc^O>Jrp);b'5S^tc*oTl^^Ci:3b'^5^7b^^o S/c. 
[0074] coc^*^e>> ccD3SKili*Sf2^!«i*^o 

;i/x«BEi09ij!jptc cfc 0 m^(Dy5^\cm ^chh'^^^^n 

10 /-Co C(D2aS(D^m6^:&^)^ffitOfp]^«rxw'':^^;l/7=^- 
^(D7.V\y—iy(D "0" ^ "1" tCj^/S^-^t^ C ^Tb^T 
^^o n>h^XhtO0^^l^a55^^Bg(/>gP» 
T7=^^>^^;l/7=^-^0 "0" "1" ^C^tlS^-^ir^ C ^ 

tc D i^^Sf Ee;6'«r^ ^ ^o 

[0 0 7 5] -^LT. ^ffi<?:)[nI#OMtc|B@r;^^S^ 
«cDfBti. 'f^iy^)\^m^ "0" 4o<i;a' "l" c?)-r-^ 

[0 0 7 6] m^(0^^<D^^^ §/J^fegM^ (g/J^f2 

gtr-y h) cOitS^l 0 0 nmJ:^Ttc-r^c^*^pi&g-e 
20 ^^Ctif^^t^-Dfco S/c. 5J^<lSK<DXY*y^>^*^ 
Pb^^ 1 /i s J;D/h^i/^Ch;b^^*^o/co ^bT. 
tc53^1Sa)I^#7b^Seb/c^^ti. 3ft5>^^tcffi}f^n^ 

[0 0 7 7] ^/-c. CCO||if815tlT«S CM«^C0^^^ 
@^b/c;b'«. CCDS CM-eCi:9 1 5 M H z i0^tg§§<?:)tt 
Mi^iS^a)v':7 h^ffll-T^S§«^«imbT</^^/ca6 
UHz:i—^-(0^mm^^&Wmm^^^^Xi>. l^if^yh 

(omtiin^ti^'^mx& ^ fco 

[0 0 7 8] [^SB^J43 ^Sgj5lj2 ^|5Hi<7)1g^^-r^ 
30 f)K CO^SE<?lj4tC:iol/^TCi. ia7 0^Kmil6 3^ 
SrBiz Nbz O9 tcj:oTlt^L/cfa^(®^*^fflt> 
T. 0 2iOA FM«^tcJ:^IE^^Si:b/co ^LT. 

c(ommm4X(.t. w^mmtLxm5<Duy^^hs 
[0 0 7 9] ^kic. mm • • n^ittt^^-To s 

•r. 3 /imx 3 /imC0M^tc4-9 VcO«JE> aWO. 3 
MV/c m^fe»«f*tcaij!jnLTSfg^S077lPl^-7J 

f^tcm^o ^^tc. 3511140-7 VO/^yl/XSE^IB^ 

40 jc. az/^^ h sMMmn^mm^m\^^xnmmw(Dm 
xmmcitmr^f±ms(0 2^X7i^^^nmLrco ^(o 

t^. M^TX^ffi^S^l VtcSSLTfFffi^?fo/co 
$-r3 /imx 3 /imcr)gl55j'yb^gIHtci:tbn>h^Xh;6^ 

:??rpItcMA."ev^§C^A^iJ^:6^":5/co ^LTMtc. Ct03 
>h-^X h;^)^0gO^gi55i^<7)ff'tC0^^l/^X4^'y h^OgP^^Jb'^fe 

^cttmm^tirco cnt±- 7 vco/^;i/x®i±tcj;-:? 
50 x-yoi^i^cm-zyfc^mcoi^^ ttmi^xKHicfji-Dxi^ 
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[0 0 8 0] ^fc. -9v^mcMmmmcmuLrc 

l^XXt^^ChiS^i^t^-DtCo -tr^t^^. SrBiz N 

[008 1] tx±<t cco^mnii^mi^^^tmmi*^ 
^)\/'T—^<r>7.v]y—v<r> "0" h "1" tc*rjss-^;s 

C>0^§i/^gP^^0go^g|5^-ex><iy*^;l/-r-^iD "0" h 

[0 0 8 2] S^(D||g^cOSgm. iB^tr^y hCDitSti 1 

0 0 nmt(TtC'rSC:^5b^prtgT*^^C^::6^^3b^r:>/'Co 

[0 0 8 3] C<D5a'S(DI^#MJceH*r§«^tCl:bfi?IJ'r 
SJE^^<?Dffiti. 7=^^>>'^;V^^ "0" 4oJ:t>' " 1 " (?) 

[0 0 8 4] \:X±.^ t)> <l<?)||SE^Jtc^5V^Tt)^SmSI2 

^^^«itg^ ^> o T V^^ C ^ ;6^»7b> /-Co 
[0 0 8 5] -^LT. C (7)^356 Wc:}ol/^T. ^(DS^^ 

7L\.t\ oMHz) . ^^^^mtm^A^^x^^ (m«fo. 

1 [N/m] ) ^ffll^^C^tcJ:Os MH 

[0 0 8 6] i^. ^]5SM4^c^5U^T. IE^<«{*^bT. 
la 7 tc*5tt§ T i e 1 5 AbJ^rV^^-g^fOfB^jgf^O 
iBigS*1t14*><tl^L. Cco^^tc^v^Tt>fB^S^# 

[0 0 8 7] ^.(DMmmxht^ tmmw<D 

g)(PLZT;Pb (La, Zr, Ti) O3 ) (Ccfc^ 

?SMtti*/i7 3^W'r^1g^i:L/co ^LT. IBSiSe 

S C MSiScO^^^g I h Lfco coiB^5«» 1 0 

iSf*! l±tC. ;p^3 0 nmTJ^iSb/cS r T i 
O3 ^^ja^LTJg^b/c/^^y >'rS^^§TiftM9^ 



(9) ^fr^¥9- 1 5 3 2 3 5 
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JfML. c:no±tCMOC VD^te:cJ:oTL 1 0^ 
;l/%j!jP;^/cP L Z TtCcfc^Sai^af*® 7 3^3 0 0 nm 
OJP^tCjg^Lfco C<D^^PLZT®7 3ti. 

^^Lri^^ctfomm^nrc. ^lt. s^si los 

ffitcmiSl 2^^-^^y^tCffiaif^^L/Co 
[0 0 8 8] PLZTtO^ttSiti. ^e^>S^02^ (2 P 

r) (Offlti4 0-5 0/xC/cm'T$>0PZTO$tf2 

[0 0 8 9] ^^tc. L:cD||SS«?»J5(OtB^f^'*^3fe1^tt^ 
Tsk-To S-r. 4 /imx 4 |im<?)M^tc9 VOSJE. «W 

0. 3M\/Xcmm?Mmmcwi}u\^rs^^m(D:^\^ 
LT. mmmc^mcoi^^^^^m^'tt^o ^xic scm 

20 ^ffll/>T^>®^0fpJ#5)^:m^ffF<ffiL/'cSg*. 4 /I m X 4 ^ 
C^;6^5i':^^'p/co Ctlti- 7 VOi^mJEtc J: oT^^^ltO 

Xhl^-i/* "0" ^: "r* tc*f^S^Hi:^c:i:*'^'tr^^o 
30 ^S^^;l"r-^«0 "0" h "1" tcJ^^S^-^tfc^SS^i^fB 

[0 0 9 0] ^Tc. m^(omm(^^^. ^^bummm, 

(g/MBii^^y h) ^OttS^ 1 0 0 nmfe^TtC-r^cl^ 
6^ti:^^5;b'^JgeLfcfS^ti?t^^^^tc{S}t^ti§ C h*^^ 

[009 1] ^/c. ^(DmMmx^tscum^con^^ 

MtLTctK CiOS CMTti9 1 5MHz<0^tg#§0±t 
[0 0 9 2] J^±J:0. CCD^SSe«JtC:foV^Tfc. 

[0 0 9 3] mmm6) c(Dmmmic:io\.^xi>. pl 
zT3i^B{4:^7 3^wr§fB^i®ft:i o^mi^^^-h^ 

oic. S i»Sl lite. ^^ft:tcJ:oTS i 
50 @14^0^L. cn(^)±tcX>'^^y i$?U>^7lCcJ:-prjp 
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^ 3 0 0 n m(0 I r O2 SSS 1 2 A ^ I r SliiS 1 2 

B t ^wwA^mmfS. b/cTasttis i 2 ^jg^ c nco 

/Co S^SBtinV^^hSMMSIS^fDS^SMl I 

[0 0 9 4] c(Dm'^<otm • m^. s^#i4^^-ro 

C tlti - 7 V tT^mEtc o T^l^cOf^ ^ o T 

(Ofp]^^^x^i/^;l/x'--^<?)X h "0" ^ "1" 

[0 0 9 5] $fc:. a>^0*S|(03^^. ^Og/MH^^ 
^ (M/hfB^l£^y h) tOitllti 1 0 0 n mi^XTtcf^C 

[0 0 9 6] CfO^fiSe^Jtc^tt^S^^Bfinv^^h 
S MM thfctK h SMMT*ti;j?7>^W^— O 

mmmfi'^^^x^< («rij;^tf i omhz) . /^^^^^?b^ 

^t^^/h^l/^ m^l£0. 1 [N/m] ) ;;!7>^UM-;^ 

[0 0 9 7] c*s£^j7] co^sEf?ij-e(i. mmmii^i 

0<hUT. ^CDfitB&BfEia^H 1 Otc^*rJ:dtc. S i 

1 1 ±tc> mmmmitK^-oxm'^ 20 n m<DTm 

S9^fg^L. cntO±tc;p^3 0 nmtC. 
V'f^thVy^V^i-UJL^U^ (VDF-TrFE) 

a'&f^tc.fc^^s^^^s^ism^ 1 2 3^^«feL< tix 
mmi>t. y >y ftif ^ u t^^^o^^b*'^ 5 0 
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mm^e 5%ti.rco ^lt. a«i ioDSSti::t-^ 

[0 0 9 8] c<Dmmm\fCiD\.^ri>^ mm^miftrnzo) 
A F umfS^t w^sgti s c Mmfii(ow^mm i ^ 

b/Co 

[0 0 9 9] VDF-T r F E(D^m^i^<Dnmi^t. t 
^DSS^J^HP rt7D2fig (2 P r) Offlfi. 15 — 2 0^ 

10 iil^o *§T^-^^aigcbT»^iiA./'£fg. 

[0 10 0] ^^tc. Cco^fiSfiflj7C0fS^r^*S^#14^ 
^•To 4/imX4/i m^D^WtC 2 0V cOSJE^fB 

:^tc. -1 5 vco«i±^0ij!jpbT. mmm^i^m(0}^^ 
pMSsoij^ffi^bT^m-r^So mmmihmmK. s 

CMtCcfcoT^HSa^ffPfKb/c)^^. 4/iinX4^m 
CDgiS^^tO:3>h^Xh;b'^igfflfrCj:bb0g<:^or:fe^. ^ 
20 tO^3ai:i:bKbT0>B§U^a55J^;b^#«EbTl/^T. ltfc4!LT5)^ 
<l;6'?;^tebTi/^^Ch^^5i'?b^-:>fco cnti- 1 5Vcom 
ffiaiADtc J: o Xi^m(r>\p\ 1 3b^S*f o T I. > C ^ 

XMx->^"0" ^ "1" {c^lS^-li:^Ci::6^T?#^o 

iP^)\^y'-^<o "0" "1" Knm-^^rcM^mMm 
[0 10 1] s/c. a>^?o^gio^m. iBiiM^ iMm 

30 If *y h) Oi£^^ 1 0 0 n m&rfic^^ C t±i^mmx& 
Sd^^b^^i-^^^o/co ^^SEcOX^^y^V^Wa^^* 1 /X 
s J:D/h^l^C^^^^;6^-:?/co ^bT. ^m6^tc»1g:6^ 
b /c^^ti?E5i^^^tc{Slt ^ C ^ ff^^f)- o fco 

^/c. ccD«ss«?ijT'ij: s cMmm<Dm^mmt bz-cA^ 

y h ^ffit^T#«§«^1^a:l bTV^^/c^MH z 
oIbIT*o/co 

[0 10 2] &L±^o. ^mmmxMmmtmn^mm 
40 ^ b xyt^rj:mm^ o r i ^ § d ^ ^^5)^*- o /-co 
[0 10 3] mmms:\ c(Dmmmictsi-xit. mu 
mi^i ot br. m 1 1 tc^^oias&sfffi^^^-r J: o 

iC. S iSf*l 1 ±frC.^S^fl:tCcfc-3TJ¥^ 2 0 nmOS 
iOz *63i^flil 4^?g^U c:n^O_htcJ£f(/^UTg^ 
^^ST iTtfl® 1 S^ffMb. cntD±tcP tTSPS® 
gl 2^X/^y^';>^lc^-pTJg^b/Co ^bT. c 
n^0±lc:7^y{tlfr:UT'>^ hU:77l/:j-nx^U> (V 

D F-T r F E) i^M^i^mmic ^ ^M^^mmwm 

1 2 S^^ttri^/cCiXtf^:^— h^T3 0 0 nmOP 
50 ^tCffMb/to CtD«tt^f4:»^ti. :7^yfblf-U7'> 
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(O-^mmff 5 0 %Jj^±T-?til«tt«:^-r<> ^ bT. CCD 

CO 1 0 4] ^fc, tB«?^*W*1#1t«r^^o 4 
limX4 II mtDmmc 2 0 V<7)«JE^IBa5i«i*fi:9l*[lL 
Ta^»fii©73[pl«:— ^jlpJlcm^o ^t^:. -1 5VC0 

4 /imx 4 /im<Og|5^)'<D3>h^Xh*'5^HfCitL/ 

ffiiip t J; T:»® CD |p] ^ *^"S^tc o T V ^ § c i: L 

^;V7^-^<D "0" t "I" »cm^-a-/-ciS««iB»*^ 

[0 10 5] S/c. a^OHS^cOl^ll. fi'J>f2®M« 
(§/J^fB^ If -y h ) 1 0 0 n mJ-XTfC-r 5 C A^pf^t? 

V D F - T r F E ^fi^Ji: LT. fi^^^lB^W 

[0106] immm 9 ) ussfi^j 1 ~ s ^c43v^T, ts^ 

m^^mt^, mm^-y Fiimi:^-y vhm^. mmm 

3 0 nmt^T*<M$LV^„ Sfc, S^ffl^^^W^?— « 
IB^ji<*tcM«L/c:t«cffiT-ia®i3cI:tf»^^n^tl»3i: 

[0 10 7] simisiiisn^mffi2mm(oij>^ 



(11) 1#P^¥9- 1 5 3 2 3 5 

20 

^t^Sib^^SSeiJ 1 ~ 8 <t D ^»/J^^ < f ^ c i: J; o TfBii 
l£>y MtS^ 5 0 n mJ-XTlc-TS C i:*^T'€fc„ 
W.coX^'y^yifmmit 1 ft s 

^ctii^^ij^-Drco j-x±<j:o. c<oii]SSfl»jTiaggatB^ 
[0 10 8] mmm 1 o] ccoiissM-t?fiii)K6^j 1 ~ 

/c. a^OS^SIOigS. IB^lf-y hmm^ 1 0 0 nmJ-X 
20 [ 0 1 0 9 ] J.X± <fe »5 . **J56fl»JT'ig^SiBSl«e L 

[0 1 10] j.::<±, m^cD-mrnm^cx-ox^ i^mm^ 

[0 111] JX±®BiB^A^e.fcB^e)*^^<t3fc. *|gB^ 

30 [0 1 1 2] i®. ^mn^mK^f^tmrnm^i^xf/ 

*/-c«M^'N-y KHP-r%t>-5. ^A>^W^-f±. # 

iffli:r^«-a-{ci5i5,n^t£OT-«^<v 2<@ii(±iaB 

[0 113] 

cfc S ^^SS^co X -y 9^ > fi fcSH-r 5 ^ili^f B^ 

40 •m^m.&^^t^tz^. '^^imttm\.x$m\cm. 
tifcisffifif 2^^M43 <fe mmmw^nm.x ^ 5 

§«T'i«ji*7'^-trXA«i^'^i:^nSB^'lf«<0X h U 
^ - ^ ©sB^lcW^T'3553«!jm 
[Sffi©fSS*%i5iB§] 

[0 1] Mtif^mmmK&f^mmm^nKom^m 
50 um^<Dmnm^mi^^^^-rwm^mmx&^. 



21 

[02] :^m^(omm(ommsmmm(D-'m^^tmT 
[114] ^§^m<r>mm<DmmMmo:>^^mmco-m^^^ 

[US] *5l^<oSS©1f^fgS©S^SB©ffi<o-0iJ 

[0 8] ^^mmmicmf^mMmi^<o-m<om.mmm* 



(12) ?tP»aT9- 1 5 3 2 3 5 
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[0 9] *%B^S«tCtett5ie»^i*:<0-^J(0«ll6»T® 
0T'fe5, 

[0 10] *5IWSSfi:fe(t5f2^«l<*«-fiaj©«lWS»f 

®0T'$>§„ 

[011] *%B^^«tcfet3-5fB®<«t*:<?)-fi?lJ<0«ll«»r 

[0 12] tie*(Oi^a*i*<o«iBS»fffi0-efeSo 
[??^«IKg«] 

1 0 mmmw. 1 1 i 2 Tsces. 1 3 
1 4 isiisii. 2 1 n-«s®. 22 
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